Abstract: This research aimed to study the Improved Differential Evolution (IDE) for solving the Multi-floor Facility Layout Problem (MFLP) with the target of minimize the transporting material costand maximize adjacency requirement between the facilities. The IDE algorithm had been evaluated and compared with MULTIPLE, SABLE and the basic DE algorithm by using DE/rand/1/bin and DE/rand/2/bin. For MFLP, the IDE methods were tested with 6 data sets as following: 11-1, 11-2, 12, 21-1, 21-2, 21-3 which found that IDE able to find the optimal solution better than the multiple is 52. 67, 14.02, 15.89, 32.10, 20.01 and 36.92% for problems11-1, 11-2, 12, 21-1, 21-2 and 21-3, respectively and can generate the optimal solution that is better than the sable is 6.75, 15.85, 2.76 and 27.56% for problems 11-1, 21-1, 21-2 and 21-3, respectively. The result showed that the further performed IDE were effective methods comparing to the other algorithms and other metaheuristic methods. Hence, they could be used to solve MFLP.
INTRODUCTION
Nowadays, increasing business competition, higher economic and social growth causing the limited use of natural resources for maximum benefits, especially, high-priced land. The good location is high price. The higher price of land causing most business owners in both manufacturing and service industries to use the land worth while resulting in more vertical expansion building. Many buildings are built on multiple floors. The facility layout of multi-floor buildings is agenerally NP-hard problem which are complicated to solve and it is important to help the organization can increase efficiency and reduce material transportation cost to increase competitiveness. Researches have shown that an efficient facility can reduce manufacturing cost by 10-30% (Tompkins et al., 2010) and more than 35% of the system efficiency is likely to be lost by applying incorrect layout and locate design (Huang et al., 2010) . In the addition, between 20 and 50% of operating expenses in manufacturing can be attributed to facility planning and material handling (Singh and Sharma, 2006) . The effective facility layout can lead the enterprises to the well competitive in the market and make more benefits to the organization.
The researchers have used many methods to solve problems, various algorithms were create for solve the facility layout problems such as CRAFT, ALDEP and CORELAP and develop the algorithms for solving the multi floor facility layout such as SPACECRAFT, MULTIPLE, SABLE, STAGE, etc. Moreover, using mathematics with exact methods (Patsiatzis and Papageorgiou, 2002; Afrazeh et al., 2010) for finding the optimal solutions, spent more time for calculation with more variables and limitations. The optimal solution is not easy to reaching, therefore, many heuristic approacheshave been developed to get the near-optimal solutions such as simulated annealing (Meller and Bozer, 1996; Xiaoning and Weina, 2011) Genetic algorithms (Kochhar, 1998 ; Kochhar and Heragu, 1999; Lee et al., 2005) , Tabu search (Abdinnour-Helm and Hadley, 2000). But not found yet the differential evolution algorithm used to solve the MFLPwith multi objective, so in this research will present the DE method for solving the MFLPs with the objectivesare minimize the transporting material costand maximize adjacency requirement between the facility.
This research is a study on Multi-floor Facility Layout Problems (MFLPs) which is a discrete layout and finding the solution by using an improved the Differential Differential evolution algorithm for solving other problems: Differential Evolution (DE) is a method of evolution using the difference to find the optimal solution which was presented by Storn and Price in 1997. It is a popular method to solve problems in various fields such as supply chain management problem in particular, the Vehicle Routing Problem (VRP). Xu and Wen (2012 ) employed DE to the unidirectional logistics distribution vehicle routing problem with no time widows resulting in the shortage total distance. Scheduling problem, Shahnazari-Shahrezaei et al. (2012) present DE to generate the fair shift Nurse Scheduling problem base on a real case study. Zhang et al. (2013) adapted DE method dealing with the job shop problem in order to minimize total tardiness. In the line balancing problems, (Sresracoo et al., 2018) presented the DE algorithm for solving the U-shaped Assembly Line Balancing Problem Type 1 (UALBP-1) with the goal was minimize the number of workstations. For further applying DE on other problems, electric power system, El Ela et al. (2010) use the DE method for the soultion to optimal power flow resulting in voltage stability enhancement and minimize cost. Kuila and Jana (2014) present DE for wireless sensor network system was proposed to prolong the lifetime of the system prevented from overloading.
MATERIALS AND METHODS
The mathematical model of the multi-floor facility layout problem: Mathematical model of the MFLP was focused on in this study and the details of the problem are as follows: the MFLP layout problem pattern: it divides the plant site into many rectangular blocks call them template, each template has the same area and shape and each template is assigned to a facility. If the facilities have unequal areas, they could occupy templates and modeled into a cell. Figure 1 which is the example of 5 facilities with 16 templates. If the facilities have equal areas, the problem likes QAP Fig. 2 . The arrangement by sweeping is to be applied in to the locate department. Measuring distance between each department will be measured in rectilinear from the centroid.
Indices, notation and parameter:
Where 
represent an objective function of the model to minimize the material transporting cost and maximize adjacency requirement between the facilities. Equation 5 is ensure that total templates are enough for all facilities. Equation 6 is the calculation of horizontal distances between facility i to j. Equation 7-8 is the calculation of horizontal distances between facility i to j using elevator No. 1 and 2, respectively. Equation 9 is the calculation of vertical distances between facility i to j. Equations 10 is the total distance between the facility i to j.
Equation 11 is finding the maximum distance between the facilities. Equation 12 is the adjacency factor which represents the adjacency ratio between i and j Eq. 13 is ensure that the total space is enough for all facility. Equation 14 is ensures that a plan for all facilities according to the requirement areas of each facility. Equation 15 is a restriction to prevent redundant use of the facility's area. Equation 16 is restrictions to prevent having the same facility on separate floors. Finally, Eq. 17 is the limitation of the use of space in each floor.
The adjacency value (C ij ) between facilities is a functional relationship which not always quantifiable and it sometimes vague and difficult to define, the optimization result can vary depending on this value. Lee et al. (2005) However, in this study the adjacency propose by Lee et al. (2005) is used as shown:
Where: C ij = 0 : It is undesirable for facilities i and j to be located close together C ij = 1 : It is unimportant for facilities i and j to be located close together C ij = 2 : It is ordinary for facilities i and j to be located close together C ij = 3 : It is important for facilities i and j to be located close together C ij = 4 : It is especially, important for facilities i and j to be located close together and C ij = 5 : It is absolutely necessary for facilities i and j to be located close together
The weight factors W 1 and W 2 are equivalent to the tradeoff between the total cost of transporting materials and the adjacency requirement. Therefore, the ratio of W 1 and W 2 can vary the optimization result. In this study, the values W 1 for W 2 and are 0.5.
RESULTS AND DISCUSSION
The differential evolution algorithm: The procedures of differential evolution algorithm consist of several steps: create a set of initial vectors, perform a mutation process, crossover or recombination process, fitness evaluation process and selection process. The procedure application is shown in Fig. 3 .
Procedure of MFLP by using differential evolution algorithm: The procedure of MFLP uses the DE algorithm. The values used in the calculation must be set. The variable are as follows: G = Round, NP = Numbers of Population, F = Scaling factor and CR = Crossover Rate. In this example calculation, these variables were set as NP = 5, F = 2 and CR = 0.8. Calculation using the DE/rand/1/bin: For example, the problem is two floors with 5 facilities which have the requirement areas in Table 1 , the template size is 1 square distance unit and the inter-floor distance is 5.0 distance units, material transportation horizontal cost and vertical cost are $1 and $5 per unit per distance, respectively. The material flow data and the adjacency between facilities are in the Table 1-3, respectively.
Initial population with a randomized real number between 0 and 1 for each facility (Table 4) which will be used further in mutation and crossover.
Mutation, in this step, a position of the vector is randomized (Table 5 ) and mutated to obtain new solutions that differ from the initial population number by targeting the mutation. The calculation for the mutant Vector (V i, j, G ) is shown in Eq. 18 and an example of a mutation is illustrated in Table 5 : compare and exchanges as in Eq. 19 which is the binomial crossover and an example of a crossover is illustrated in Table 7 : Then the order will be used to find the answer and arrange the facility that corresponds to the order of the vector and calculate the fitness from the objective function Eq. 4. The results of the fitness evaluation of DE/rand/1/bin is illustrated in Table 8 . The fitness value was calculating from Eq. 4, the result of facility layout as show in Fig. 4 which arrangement by sweeping from the left corner template down to lower. Selection, the next Generation is selected (G+1): the better solutions are selected by comparison the fitness value from the target vector and the trial vector for cases in which the fitness value of the trial vector is lower than the target vector. Therefore, the trial vector is selected as the next generation as in Eq. 20. The example of the selection process and the vectors are selected for the next generation as present in Table 9 and Table 10 , respectively:
Where: U i, j, G = Target vector in the next generation X i, j, G+1 = Target vector in the next generation Calculation using the DE/rand/2/bin: DE/rand/2/bin and DE/rand/2/exp have step similar to DE/rand/1/bin and DE/rand/1/exp but have different calculations in mutation step as Eq. 21:
The improved differential evolution algorithm for solving MFLP: In this research, the answer was improved in the selection process by selecting vectors whichprovidethe better solutions with comparing the fitness values from both trial vector and target vector. Then, they will be chosen to be the next generation of population. From Table 10 , the order of fitness values can be arranged in ascending order as follows: 205.4, 209.4, 210.1, 264.0, 338.9, 340.9, 343.9, 344.3, 344.3 and 345 .0 which will be selected as the population in the next 5 first vectors as shown in Table 11 .
The compared results of the improved DE algorithm, DE algorithm and the other methods: In the experiment, solving MFLP applies a VBA program running on a laptop, Core i5, 2.5 GHz, 12 GB RAM, Windows 10 operating system. It calculates and shows the result and the layout on spreadsheet. Due to multi-floor facility layout problems, there are a variety of limitations and the scope is different. Researchers studying this problem, creates different definitions of the problem. Therefore, there is still no standard answer to this problem. Therefore, in this research, compared with the multiple and SABLE methods by Meller (1992) which have similar problems. Multiple and SABLE considered only the cost of material handling. Therefore, in the determination value of W 1 is 1 and W 2 is 0 Table 12 .
The benchmark problems of multiple and SABLE methods on problem 11-1, 11-2, 12, 21-1, 21-2 and 21-3 with Meller's problems. The result of the experiment on (Meller and Bozer, 1997) are in the Table 12 .
From the experimental results in Table 13 , the IDE can generate the optimal solutions better than MULTIPEL is 52. 67, 14.02, 15.89, 32.10, 20 .01 and 36.92% for problems 11-1, 11-2, 12, 21-1, 21-2 and 21-3, respectively and can generate the optimal solution that is better than the SABLE is 6.75, 15.85, 2.76 and 27.56% for problems 11-1, 21-1, 21-2 and 21-3, respectively.
The comparison of the average: The average on the experiment 10 times on problem 11-1, 11-2, 12, 21-1, 21-2 and 21-3 are in Table 13 .
From the experimental results in Table14, the average of the best solutions generated from the IDE method are lower than the average of the best solutions generated from the DE/rand/1/bin and DE/rand/2/bin in all problems. Especially in theproblems11-1, 21-1, 21-2 and 21-3, the mean of the best solution generated from the IDE method is lower than the average of the best answer from both the multiple and SABLE by comparing the average of the best solution from the IDE and SABLE. It is found that the IDE method has the best mean values that are lower or better than 10.08, 6.81, 1.03 and 23.36%, respectively.
The worst case analysis: The experiment was performed to solve the MFLP by the DE and IDE methods with problems 11-1,11-2, 12, 21-1, 21-2 and 21-3. Compared to the best solution and the worst values of multiple and SABLE shows as in Table 14 .
From the results of the comparison of the worst values in Table 16 , it was found that the worst values obtained from the three different methods of evolution were lower than the worst values obtained from the multiple. The IDE method is lower than the worst value obtained from the SABLE method in all three large problems 21-1, 21-2 and 21-3 and the worst value obtained from the IDE method is lower than a worst value from the basic DE in problem 12, 21-1, 21-2 and 21-3.
CONCLUSION
This study has presented the improved differential evolution algorithm for multi-floor facility layout problems. The objectives are minimize the transportation material and maximize the adjacency between facilities. A comparison with the other methods such as MULTIPLE, SABLE and basic DE were performed to evaluate the proposed algorithm's efficiency. The comparison show that the proposed algorithm is superior to the existing one.
In the future work, aiming at solving large-scale problems with more complex and more difficult such as multi-floor facility layout problems with elevator utilization and waiting time or dynamic facility layout problems.
